Abstract-The objective of the present work was to study the quantitative structure-activity relationship (QSAR) of the protective effects of N-p-tolyl/phenylsulfonyl L-amino acid thiolester derivatives on anoxic damage of rat pheochromocytoma (PC12) cells. Four molecular parameters of seventeen N-p-tolyl/phenylsulfonyl L-amino acid thiolester derivatives, including heat of formation, dipole moment, the energy of the highest occupied molecular orbital and the energy of the lowest unoccupied molecular orbital, were calculated with two semi-empirical quantum mechanical methods, PM6 and RM1, respectively. The QSAR model based on molecular parameters and protective effects of these compounds on anoxic damage of PC12 cells were studied using the multiple linear regression analysis and principal component analysis. It is found that dipole moment and the energy of the lowest unoccupied molecular orbital are important factors for neurotrophic activities of these N-p-tolyl/phenylsulfonyl L-amino acid thiolester derivatives. Results from PM6 and RM1 methods were compared, indicating that using PM6 method to calculate these molecular parameters is probably more applicable to the QSAR analysis in this study.
INTRODUCTION
Neurotrophic factors (NTFs) are a family of proteins essential for the survival and function of nerve cells, and responsible for the growth and survival of developing neurons and the maintenance of mature neurons [1, 2] . Neurotrophic factors can promote the initial growth and development of neurons in the central nervous system (CNS) and peripheral nervous system (PNS), and that they are capable of regrowing damaged neurons in test tubes and animal models and have been intensely studied for uses in bioartificial nerve conduits because they are necessary in vivo for directing axon growth and regeneration [3] [4] [5] [6] . Thus, NTFs are important regulators of neural survival, development, function and plasticity.
Quantitative structure-activity relationship (QSAR) studies are of great importance in modern chemistry and biochemistry. The concept of QSAR is to transform searches for compounds with desired properties using chemical intuition and experience into a mathematically quantified and computerized form. When physicochemical properties or structures are expressed by numbers, quantitative structure-activity relationship can be formed between the parameters and activities. The compounds, including those not yet synthesized, can be readily screened on the computer in order to select structures with the properties desired. It is then possible to select the most promising compounds to synthesize and test in the laboratory [7, 8] . Therefore, QSAR studies on these compounds are important for the understanding of the effects of molecular structures on their functions and properties, and the possible creation of improved bioactive compounds [9] .
It was speculated that NTF-like substances might be therapeutically useful [10, 11] . Yang et al. (2008) [12] synthesized seventeen N-p-tolyl/phenylsulfonyl L-amino acid thiolester derivatives according to combination of functional groups (as shown in Fig.1 and TABLE I), and the protective effects of these target compounds on anoxic damage of rat pheochromocytoma (PC12) cells were also studied at drug concentration of 5, 10 and 20 ȝg mL -1 , respectively. The majority of these compounds showed remarkable or moderate neurotrophic activities, and thus they were selected for a QSAR study in the present work. The main objective of this paper was to study the QSAR models between molecular parameters and neurotrophic activities of these seventeen N-p-tolyl/phenylsulfonyl L-amino acid thiolester derivatives, and to compare the difference between the molecular parameters calculated using the two selected quantum mechanical methods (PM6 and RM1) in the QSAR analysis.
II. CALCULATION AND ANALYSIS OF MOLECULAR

PARAMETERS
The molecular parameters of seventeen N-p-tolyl/ phenylsulfonyl L-amino acid thiolester derivatives, including heat of formation (H f ), dipole moment (DM), the (4) Figure 1 . Basic structures of the target compounds [12] . a. The Ar, R1, R2, R3 signed the substituent groups of compounds 4, 5 and 6, respectively. b. PE 20 , PE 10 and PE 5 represent the protective effect for concentrations of drug at 20, 10 and 5 μg/ml level, respectively. energy of the highest occupied molecular orbital (E HOMO ) and the energy of the lowest unoccupied molecular orbital (E LUMO ), were calculated (as shown in TABLE II) using semi-empirical PM6 and RM1 quantum mechanical methods after the molecular structures were optimized (MOPAC2009, Molecular Orbital Package). The Pearson correlation analysis was carried out to study the correlations between the protective effects and molecular parameters. However, the results showed that no significant correlation was found between the protective effects and the molecular parameters (as shown in TABLE  III and TABLE IV) . 
A. Pearson Correlation Analysis of Molecular Parameters and Protective Effect
B. Quantitative Structure-Activity Relationship Analysis Based on Molecular Parameters
The QSAR model for neurotrophic activities (protective effects on anoxic damage of PC12 cells) of these N-p-tolyl/ phenylsulfonyl L-amino acid thiolester derivatives at drug concentrations of 5, 10 and 20 μg/ml was built via the multiple linear regression analysis [13] where n is the number of compounds used for regression, R the correlation coefficient, F the Fisher ratio for the regression, p is the significance level. In addition, the Cosmo area (CA) of the target compounds were also added for the multiple linear regression analysis, and only the R-value of the multiple linear regression analysis (PM6, PE 10 ) is acceptable and increased slightly from 0.804 to 0.816. This QSAR model is shown in the following equation: It is demonstrated that using PM6 method to calculate these molecular parameters probably is more applicable to the QSAR analysis. The result of standardized coefficients (as shown in TABLE V) of the multiple linear regression model obtained above, implied that DM and E LUMO contributed more to the multiple linear regression for neurotrophic activities than other molecular parameters. Molecules have dipole moments due to non-uniform distributions of positive and negative charges on the various atoms. The value of dipole moment is an important factor to deduce information of molecular geometry (three-dimensional structure). E LUMO represents the electron reception ability of a molecule and is a widely used quantum chemical descriptor that plays a major role in governing many chemical reactions. Therefore, the protective effects of these N-p-Tolyl/ phenylsulfonyl L-amino acid thiolester derivatives on anoxic damage of PC12 cells are probably primarily affected by the molecular geometry and electron reception ability of the compounds. In addition, to avoid the interference of these compounds in different groups, unary linear regression analysis was also employed to study the correlation between the single molecular parameters and the protect effects of the three group of compounds separately. TABLE VI lists the relatively high R-value from the unary linear regression analysis. 
C. Principal Component Analysis of Molecular Parameters
Principal component analysis (PCA), a multivariate statistical method, is frequently used for multivariate data analysis. In this study, two new components (new variables) that interpret 75.15% of total variance were extracted from these four molecular parameters calculated using PM6 method (as shown in Fig. 2 ). Nevertheless, with the molecular parameters from RM1, only one component was obtained from the PCA analysis accounting for 54.16% of the total variance, and that indicated an information loss during the variable reduction procedure. Thereby, the analysis result of the molecular parameters from RM1 are not presented here.
Based on the two new variables obtained from molecular parameters calculated with PM6 method, multiple linear regression analysis was carried out again between protective effect and extracted new variables. However, these regression models obtained are not satisfactory. The R-value of the analysis at PE 5 , PE 10 , PE 20 are 0.214, 0.136 and 0.325, respectively. It is thus obvious that the multiple linear models based on the new variables resulting from the PCA analysis is not better than those based on the molecular parameters.
III. CONCLUSION
In this study, DM and E LUMO are more important than other molecular parameters. Using PM6 method to calculate these molecular parameters is probably more applicable to the QSAR analysis. The multiple linear regression models between the protective effect of the N-p-tolyl/ phenylsulfonyl L-amino acid thiolester derivatives and the molecular parameters obtained by the PM6 or RM1 calculation can provide an in-depth understanding for the compounds of similar class and may be useful for predicting the bioactivity of them.
